ABSTRACT: This study was conducted in Hort. Dept., Fac. Agric., Minia Univ. in the two successive seasons of 2015 and 2016 on Moringa to study the effect of cutting heights (10, 20, 30 and 40 cm) and fertilization on yield productivity and chemical constituents of the plants.
INTRODUCTION
Moringa oleifera, L.
(Family Moringaceae) is the most widely cultivated species of the genus Moringa, it is fast growing, considered one of the world's most useful trees as every part of the tree can be used either for food or has other beneficial properties and as a fodder for livestock (Morton, 1991; Anwar et al., 2007 and Nouman et al., 2012) .
Few studies about the height this plant should be harvested to get good yields and biomass quality are available. Moringa has high speed and regrowth capacity, further cuts are suggested to be 10 to 40 cm above soil surface to obtain a high yield in production of fresh biomass (Reyes, 2006; Foidl et al., 2011; Santiesteban et al., 2012 and Padilla et al., 2014) .
Biofertilizers are considered to be low cost, eco-friendly are renewable sources of plant nutrients supplementing chemical fertilizers in sustainable agricultural system (Hedge et al., 1999) . A good number of researchers concluded that biofertilizers enhanced the growth and quality of mass production of Moringa (Dash and Gupta, 2009; Asaolu et al., 2012; Zayed, 2012; Darwish, 2015 and Mosaad, 2016) .
Chemical nutrients especially N, P and K are very important for plants, because NPK increased plant growth and chemical constituents as emphasized by Dash and Gupta (2009) ; Fagbenro et al. (2013) ; Abdullahi et al. (2013) ; Umar (2014) ; Darwish (2015) and Mosaad (2016) on Moringa.
The objective of this research was to determine the best height of cutting and Moringa oleifera fertilization. Jackson (1973) and are shown in Table (a).
MATERIALS AND METHODS
The experiment was arranged in a randomized complete block design in a splitplot design with three replicates each replicate containing 3 seedlings. The main plots (A) included four levels of cutting heights, while, seven biofertilizers and/or mineral NPK fertilization treatments (B) occupied the sub-plots, therefore, the interaction treatments (A×B) were 28 treatments.
Treatments:
The main-plots (A) were as follows: Cutting heights at 10, 20, 30 and 40 cm above soil surface.
The sub-plots (B) were as follows: Control (without fertilizer), 100 % NPK as recommended dose (Abdou et al., 2016) , 75% NPK, 50% NPK, biofertilizers (Minia Azotein + phosphorein), biofertilizers + 75% NPK and biofertilizers + 50% NPK.
Data recorded:
Number of branches per plant, fresh and dry weights of aerial parts/cut and yield of Moringa fresh and dry weights/season, as well as, total carbohydrates % according to (Michel et al., 1956) , protein % (Wilde et al., 1985 to determined N %, then N % was multiplied by 6.25 to obtain protein %) and vit. C (Roe and Keuther, 1953) .
Seeds were sown in the first day of March for both seasons in containers (25×25×35 cm) each filled with 20 kg of sandy calcareous soil plus 20 g of compost in the Nursery of Ornamental Plants, each container contain three seeds and seedlings were thinned to one seedling/container after four weeks from sowing date (28 th March).
Fresh and active biofertilizers, Minia Azotein (M.A., containing N-fixing bacteria) and phosphorein (containing phosphate dissolving bacteria) were obtained from the Laboratory of Biofertilizers, Department of Genetic, Fac. of Agric., Minia University. Biofertilizers were applied three times to the soil beside the plants at the rate of 50 cm 3 /hill (1 ml=10 7 cells of bacteria). nd August) and then plants were irrigated immediately. All other agricultural practices were performed as usual.
Mineral NPK was used as 6 g/container of ammonium sulphate (20.50% N) (equal 300 kg/fed), 3 g/container calcium superphosphate (15.5% P 2 O 5 ) (equal 150 kg/fed) and 1.5 g/container potassium sulphate (48% K 2 O) (equal 75 kg/fed) for the treatment of 100% mineral NPK. For 75% mineral NPK was represented by 4.5, 2.25 and 1.125 g/container. Also, 50% mineral NPK was 3, 1.5 and 0.75 g/container of the above mentioned three fertilizers.
The amounts of NK were divided to three equal batches and added after 7 days from each biofertilizers treatment (9 April, 9 June and 9 August). All amounts of P were added during preparing the soil to sow the seeds for each season.
During each experimental season the plants were harvested three times. In each harvest, the plants were cut leaving about 10, 20, 30 and 40 cm above the soil surface according to the treatments occupied in the main plots. The first cut was done on 1 st of June. Meanwhile, the second cut was done in 1 st of August and the third cut was done October 1 st in the two growing seasons.
The obtained data were tabulated and statistically analyzed according to MSTAT-C (1986) and the L.S.D. test at 5 % was followed to compare between the means.
RESULTS AND DISCUSSION

1-Vegetative growth parameters:
Data presented in Tables (1 to 8) indicated that number of branches/cut, fresh and dry weights/cut and yield of aerial parts of Moringa oleifera/season) were statistically influenced by cutting height either during the three cuts or during the first and second seasons. The highest values were obtained when plants were cut at 10 cm high.
The increase in yield production with decreasing cutting height can possibly be attributed to the fact that plants harvested at 10 cm high contain much more branches. Hence, the 10 cm cut was the higher quality as reflected in the higher production. Similar results were obtained by Reyes (2006) ; Padilla et al. (2014) and Lawal et al. (2015) on Moringa oleifera.
Concerning the effect mineral NPK and/or biofertilization treatments, data in Tables (1 to 6) indicated that all used six treatments significantly increased number of branches/cut, aerial parts fresh and dry weights/plant comparing with control during the three cuts, consequently the total yield of Moringa either fresh or dry weights per season as shown in Tables (7 and 8 on Leucaena leucocephala, concerning the effect of mineral NPK. Biofertilization treatments were effective on increasing number of branches and fresh and dry weights production as reported by Dash and Gupta (2009), Zayed (2012) and Darwish (2015) on Moringa, Moustafa (2008) on Chorisia speciosa, Abdou and Ashour (2012) on jojoba and Soliman et al. (2015) on Delonix regia.
The interaction between main and sub plots (A×B) was significant for number of branches, fresh and dry weights/cut and yield of Moringa oleifera per season (Tables, 1 to 8). The best interaction treatments were obtained when Moringa was cut at 10 cm above soil surface and fertilized with bio. + 75 % NPK dose or mineral NPK at full dose.
2-Chemical constituents:
Data presented in Tables (9 and 10) indicated that cutting heights had no significant effects on total carbohydrates and protein % in Moringa leaves. For vit. C content it was significantly affected by the treatments of cutting heights (Table, 11 ). In general, cut plant at 10 cm was superior than other treatments. The present results in this investigation agreed with those obtained by Petroudi et al. (2011); Mendieta et al. (2013) and Ramos-Trejo et al. (2015) .
Concerning the effect of mineral NPK and/or biofertilization treatments, data presented in Tables (9 to 11) indicated that all used treatments significantly increased total carbohydrates and protein %, as well as, vit. C content comparing with control in both seasons. The best values were obtained with either mineral NPK (100%) or bio. + 75% NPK for both total carbohydrates and protein %, while, bio. + 75% NPK followed by biofertilizers and then mineral NPK (100 %) recorded the highest values of vit. C.
The positive effect of mineral NPK on increasing total carbohydrates, protein and vit. C content were recorded by Darwish (2015) on Moringa oleifera, Mansour (2002) on Senna sulfurea, while, Zayed (2012); Darwish (2015) and Abdou et al. (2016) on Moringa oleifera, Al-Hadad et al. (2014) on Eucalyptus and Soliman et al. (2015) on Delonix regia concerning the effect of biofertilization treatments.
The interaction between main and sub plots (A×B) was significant for total carbohydrates, protein and vit. C % in both seasons (Tables, 9 to 11). The highest values of total carbohydrates % were obtained with cutting at 10 and 20 cm in combination with mineral NPK (100 %) or bio. + 75% NPK (Table, 9 ). The best interaction over all were cutting at 10, 20 and 30 cm with NPK (100%) or bio. + 75% NPK (Table, 10 ). The interaction treatments of cutting at 10 cm × bio. + 75% NPK or cutting at 10 cm × biofertilizers or cutting at 10 cm × mineral NPK (100%) resulted the best content of vit. C as shown in Table ( 
